Abstract: Increase in demand of electrical power for different purposes in Iraq leads increase towards to power plant system such as thermal power plant. Any thermal power plant requires water for processing, cooling, oilfields, boiler feed and other miscellaneous uses including domestic requirements. The main parameter to measure the efficiency of thermal power plant is the availability of water and technology employed. Therefore, the thermal power plants like Al-Anbar thermal power station is built on the Euphrates River bank in the city of Ramadi in the middle part of Iraq. Depending on the field measurements and pervious measurements, the computation of river water level for different frequency periods was achieved to determine the inundation area of the plant and the required height of power plant intakes. The problems of intake operation include low flow rate of the river at intake that resulting low water level (minimum flow rate was recorded 107 m 3 /s with water level 47.8 m), and annual sediments at intake that may be caused operation off. Therefore, any design for the intake or operation must consider the above problems. The study referred to the discharge for full operation is about 300 m 3 /s and water level is 51.3 m to satisfy these requirements. The study suggested two solutions for this problem, first by using the groins and the second by building two weirs.
Introduction


Demand for industrial purposes in Iraq is generally small when compared to the agriculture requirement. Industries require water for processing, cooling, oilfields, boiler feed and other miscellaneous uses including domestic requirements. The amount of water consumed for any product, therefore, varies widely depending upon the process used, plant efficiency, technology employed, the degree to which water is re-circulated and other factors.
Cooling of the thermal power plants may vary from one plant to another. The two main types are the once-through and the closed cooling system. Once-through, also known as open-loop, cooling refers to cooling systems in which water is withdrawn from a source, circulated through heat exchangers, and then returned to the source. Large amounts of water are needed for once-through cooling, but consumptive use is a small percentage of the total withdrawn. Recirculation, also known as closed-loop, cooling refers to cooling systems in which water is withdrawn from a source, circulated through heat exchangers, cooled using ponds or cooling towers, and then re-circulated. Subsequent water withdrawals for a recirculation system are used to replace water lost by evaporation, blow down, drift and leakage. Smaller amounts of water are withdrawn for recirculation cooling than for once-through cooling, but the consumptive use is a larger percentage of the amount withdrawn. Most of the thermal power stations in Iraq are using fresh water directly from Tigris and Euphrates Rivers for their open cooling systems [1] .
Therefore, the thermal power plants like Al-Anbar thermal power station is built on the Euphrates River bank in the city of Ramadi in the middle part of Iraq.
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The main challenge to the any thermal power plants is if the conditions of river or water resources satisfy the operation conditions of power plant or not. The conditions of river can be determined from hydrologic study for the river to know the variation in discharges of a river and the variation of water level, both parameters are very important for power plant operation as well as the sediment transport. The computation of river water level is needed because this level delineates the floodplain or the inundation area of the plant and determines the required height of power plant intakes, the computation of flow rate is also important, first, because the flow rate determines the water level, and second, because the amount of water which is required for capacity operation of power plant and the design of any system for water feed requires an estimate of its inflow hydrograph.
Sediment is also important parameter especially for a meandering river that is flowing in flat area like Euphrates River because this phenomenon has an important effect on the intake operation. 
Case Study
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Operation of Al-Anbar Thermal Power Station 352 study achieved by the company itself. The increase of demand for electric energy in Iraq creates the necessity for building more power stations to satisfy the demand, therefore the project was rebounded. The depression of water resources occurred in the Euphrates River inside Iraq because of the climate change and the dams that are built in Syria and Turkey which provides the impetus to develop a hydrologic study according to the present conditions of river. This study will give the authors necessary information for intake design and efficiency operation of the station depending on water level and discharges of the river.
River Levels of the Euphrates River
Available data at the stations which is upstream to the location of the intended study has been collected. are highly dependent on the operational status of Haditha Dam, significantly more than its dependence on the climate conditions. Indeed, the highest level noticed was during August (recession season) because large quantities of water are released during this season for agricultural purposes (irrigating rice farms especially), while the lowest level was during December. At the location of the station, as could be noticed in Table 1 , the highest and the lowest levels (were calculated using the discharge-level curve method) are also affected by climate conditions (precipitation volume) in addition to the operational status of the dam because of the existence of catchment areas which supplies the Euphrates with additional quantities of water downstream Haditha Dam.
Determining Wet and Dry Year
For the Shaikh Hadeed Station, statistical analyses were conducted on the discharge quantities entering Iraq through the Euphrates and those discharges released from the Haditha Dam. The wet and the dry years were determined by calculating the difference between the input and output discharges of the lake of Haditha Dam. A year was considered a wet year when storage quantities exceed those released downstream. This difference represents the discharge capable of fulfilling the water demand for irrigation and power generation purposes besides other purposes. A year is Table 2 , putting Atatürk Dam in Turkey in an operational status after 1991 caused the water input to drop sharply, especially during the years 1991, 1992, and 1993, which the Atatürk Lake was being filled. During 2008, the same levels dropped again because of small precipitation values and the presence of many dams upstream on the Euphrates in Syria and Turkey. During these periods, the determination of a dry year became highly dependent on the water policy taken by the Ministry of Water Resources. Table 2 gives data for the input volumes and releases discharges of Haditha Dam along with the analysis results. Table 3 , on the other hand, gives those analysis results for Heet Station based on the average discharge for the mentioned years.
Discharge-Water Level Curve
The theoretical basis for plotting the discharge-level curve is manning equation for open channel flow: 
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Here n is known as the Manning roughness coefficient which is a constant, S represents the slope of the channel which is locally constant [3] . On the other hand, the section area A and the hydraulic radius R, vary with depth or level only. Thus according to Manning equation, discharge could be expressed as a function of level as follows:
where, d is the water level or depth. A curve of the river level at Al-Anbar thermal power station versus the discharge was plotted, the discharge of the river was determined using the current meter device and the depth of water or stage was determined by a staff and total station device. This plot was used to determine the discharge at the location of the present station because most of the available data is for the levels only at that location. The data for discharge at Heet Station was used to analysis the data statistically. This was considered appropriate because the river does not branch between Heet and the present station location, the distance between Heet and the present study location is short (evaporation could be neglected). Therefore, according to the continuity equation, the discharge at Heet and at the present location of study could be regarded the same. The availability of level data made it possible to plot the discharge-level curve. The discharge-level curve for the present study year is plotted in Fig. 2. 
The Euphrates Level Gradient during Flood and Recession Periods
Variation of the water level has been studied depending on the information and data available for the study location. The study included determination of the levels together with the probabilities of occurrence (probabilistic return period for the river levels). A frequency analysis for the annual discharges has been conducted on the data available for more than the past 20 years at the location of the thermal power station. 
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Chegodayev method was implemented. This method is especially suited for dry and semi-dry regions like the Euphrates basin. In the mentioned method, the highest discharge during a year is specified. Those discharges are then arranged in a descending order, then if the number of years so arranged is N and the order of the discharge the authors want to calculate probability P is m, then the following equation can be applied [4] : Table 4 gives the data for the discharges and there is probability for the Euphrates River.
Statistical analysis was used to determine the probability and changes in the level in cases of flood, as described in Tables 4 and 5 , for the probabilities 1%, 2% and 5%. This choice was made since the probabilities of 0.1% and 0.2% need to correspond to discharges more than 7,460 m 3 /s which is higher than the maximum capacity of the Haditha Dam. Using discharges correspond to those probabilities and in accordance with the rating curve pertinent to the Euphrates at the thermal power station, which was determined using the data provided by relevant parties, water levels corresponding to the mentioned probabilities were determined.
Considering the recorded water level as the normal level, the variation of water level is recorded as it drops to 98%, 97% of its normal level. This is a detrimental factor affecting the efficiency of the station and within the operational design envelope. For the study of water levels as they drop to 98% and 97% of the normal level, the lowest water level for the last 10 years during the flood and recession seasons was determined at 47.83 m which was recorded during the year 2000. Using the rating curve and linear interpolation, it was determined that this level corresponds to a discharge of 29.06 m 3 /s which is the worst possible case for the discharge of the river at the station location, the authors estimate. The water levels in this case (98%, 97% of the normal) are 46.87 m and 46.4 m, respectively. A set of 75 samples were collected to find the amount of suspended sediments in five river sections, section 18, section 26, section 35, section 43 and section 45 (Fig. 3) . Two periods were considered, the first during dry period in September and October, while the second during flood period in March and April. Those sections reside at Al-Anbar thermal power station project which are at each section a total of 15 samples were taken and distributed among five columns making each column correspond to three samples.
Movements of the River and River-Bed Sediments (Bed Sediments)
A set of 25 samples were collected to find the amount of bed sediments in five river sections (the same sections which the suspended sediments samples are taken). Two periods were considered, the first during dry period in September and October, while the second during flood period in March and April. At each section, a total of 15 samples were taken distributed among five columns making each column correspond to three samples. Those samples were collected using the Graps device.
Sieve analysis was carried out for samples. Results of the granular distribution indicate that the samples came from an origin in which sediments are distributed in such a way that it is possible to say that they are composed of fine to medium sand particles.
Determination of the Movements of Bed
Sediments
A set of 15 bed sediments samples were collected from three river sections (section 18, section 26 and section 43) at the study location. At each section, a total of five samples were taken distributed among five.
Those samples were collected using the sediment sampler device. The sediments motion was measured for half an hour for each measurement sample. The average of readings was taken for each sample to represent motion of the sediments in each of the three sections, as shown in stationing map (Fig. 3 ).
Sediment Balance
The sediment balance equation reads [5] : 
Continuity Correction
The sediment transport field is generally a function of the velocity field and the orbital velocity: ) , (
When the bathymetry changes, the flow field and orbital velocity change, and have to be recomputed. The "continuity correction" is a frequently applied method to adjust the flow field after small changes in the bathymetry. The flow pattern is not assumed to vary for small bottom changes:
where,
q v is the flow rate vector and h is the water depth.
The same goes for wave pattern: Wave height, period and direction are kept constant, and only the orbital velocity is adapted for the local water depth:
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and:
The adaptation of the sediment transport field is now simply a matter of adjusting the velocity and orbital velocity and re-computing the sediment transport using Eq. (5).
In case of a tidal flow situation, a number of velocity and wave fields based on the original bathymetry are stored, and when the depth changes, the adapted transport field is computed for a number of time points in the tidal cycle and subsequently averaged. This averaged transport field is then used in the sediment balance (Eq. (4)). The method still requires full transport computations through tidal cycle, which can be time-consuming when suspended-load transport is to be accounted for. The morphological time step is often dominated by some shallow points, which are not usually of interest. This means that typically after some five to 20 continuity correction steps, the full hydrodynamic model has to be run on the updated bathymetry.
Simulation of Sediment Transport Using Two Dimensional Mathematical Model
In this study, two kinds of software under group of SMS (surface water modeling system) programs were used. These programs are RMA-2 which was a two dimensional model used to calculate water surface elevation and the flow velocity components in two directions along the case study. Another program (SED2D WES) was used to simulate a sediment transport process (sand or clay) in two directions, this program depends on a sum of assumptions such as Ref. [6] :
(1) The basic processes in sediment transporting can be classified into scouring, entrainment, transportation and depositions;
(2) Sedimentation in the bed of the river would stay in its situation if the energy of river flowing was less than critical shear force that need to scouring; (3) If the particles of sedimentation moved from its situation in the river bed, the river bed level might not vary. They were varying if the average of scouring process which differs from the average of deposition process.
The above two programs were used to simulate the Euphrates River in the reach of study to simulate the flow of the river and sediment transport in a steady state and for different two discharge 219 m 3 /s and 5,000 m 3 /s as an upstream boundary condition, and used the rating curves as downstream boundary conditions. The topographic data cross sections in the study area, size and amount of suspend and bed load, and water temperature with other information were used in this programs drawn from previous field measurements to study area. The simulations of depth, velocity and sediment transport in study area were explained in Figs. 4-8. 
Discussion the Problems
Water Level for the Euphrates River
According to present study, the water level in the river stream is affected by discharges from Haditha Dam because of shortage of incoming water of Euphrates River inside Iraqi boundaries. The shortage of incoming water is due to decrease of rainfall (arid and semi arid region) as well as there are no any tributaries of Euphrates River in Iraq.
The present study show the highest level at Shiake-Hadeed Station which may occur during July and August because the discharge from Haditha Dam to satisfy the irrigation requirements reach about 102.5 m. For Hit station and Al-Anbar station, the highest water level can be occurred during February and March, this means during rainy season to reach about 51.98 m during 10 years, because there are a number of wadies, like Horan, Zaghdan, and Hijlan catchments area, which contribute water into the river after Haditha dam. While, the average of water level during 70 years which is calculated according to flow rate at Hit-station is 53.72 m.
Discharges
In this study, the dry and wet years were determined, also the probabilities for the maximum and minimum discharge were known which is effect on efficiency of station operation. Many dams were built (after 1975) in Turkey and Syria caused to the incoming water is affected, therefore the irrigation requirement becomes the factor of determining the dry or wet years and it is very important to know discharge and water level at intake of Al-Anbar Station. 2001. The discharge-water level curve was determined at intake location for the previous interval and present year with differences caused by a change in river as a result of erosion and sedimentation, it is very important to know there are no more than six measurements of discharge and water level (50.26-51.21 m) for determining of rating curve which may be the accuracy is affected.
The Topographic Surveying and River Topography
The topographic and river surveying included 
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determining the topography of 55 cross sections for 2.5 km and drawing of sketches for these cross sections by using Auto Cad program software (enclosed this study). The topographic surveying in Fig. 9 showed the change in river topography resulted from sedimentation especially at intake in comparison with the same location for the study was carried out by Delft Company and Baghdad University. The sediments have a high effect on the intake with time that may be leaded to close it, because the sediments isolate the flow when formed small shallow channels with low velocity and caused the sediments, therefore, the present study was included development of mathematical model to simulate the sediment transport.
Sediment Transport
Sediment transport is very important for any study for Euphrates River as explained in the previous paragraph, therefore, the present study includes a mathematical model developed for sediment transport simulation at project location. The model developed depends on measurements and takes samples for different discharges and depths. Fifteen samples were taken distributed for three sections as pointed with enclosed sketches. From the measurements and calculation, it can be seen the cross section number 43 has the maximum value of sediments in comparison with other cross sections because it has width less than the width of others, and average velocity is greater. According to the studies that were achieved by Delft Hydraulics Company and Consultancy Bureau of the University of Baghdad, the average annual sediments at Iraq-Syria boundary is 1.3 × 10 7 t, maximum annual sediments was 5.3 × 10 7 t in 1988
and minimum was 1.2 × 10 6 t in 1974 [7] . Annual sediment rate at Hit station is 6.9 × 10 7 t, which is greater than annual rate that is calculated at cross section number 43 in present year about 60 × 10 3 t/year because of the decreases of discharges in last year in comparison with discharges before dams operation in Turkey and Syria that led to low velocity and change of sections because erosion and sediments.
Conclusion and Optimum Solution for Problems Effect on Project
The problems of intake operation according to present study include the following:
(1) Available discharges and minimums limits of operation of project;
(2) Water level with its minimum limit of operation of project; (3) Sediment transport and how it can control to reduce its effect on project intake. Discussion of the above problems with suitable solution will be present in the following: Fig. 9 Topography of studied area.
Mesh module elevation (Z)
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(1) Low flow rate of the river at intake in the last years, and resulting low water level, minimum flow rate was recorded 107 m 3 /s with water level 47.8 m;
(2) Annual sediments at intake and resulting isolated channels with low velocity and low discharge that may be caused operation off, therefore, any design for the intake or operation must consider the above problems. The study carried out by Baghdad University referred to the discharge for full operation, it is about 300 m 3 /s, and water level is 51.3 m. A statistical study was achieved depending on minimum flow rate during one day during 1985-2008, which shows there is a probability of 50% for a discharge less than 213 m 3 /s ( Fig. 10 and Table 6 ).
From Table 6 , it is indicated that the average monthly discharge is greater than minimum discharge for operation, and depends on minimum discharge 107 m 3 /s, the station can be operated with two units without any problem. These means the main problem of operation is not low discharge but the sediments and how can be controlled. Therefore, the discharge is not a problem, but the problems include the sediment transport and may be the water level with effect of cross section change resulted from continuous sediment and erosion. According to above conclusions, the solution of problems includes controlled sediment transport and water level by two methods: The river cross section can be contracted at intake location to increase velocity up to critical velocity that cause sediments (0.8 m/s), as well as increase the water level at contracted region; decrease the sediment transport at project location by using submerged dam upstream project and controlling water level.
In the present study, and on the basis of construction process, efficiency and cost of project, two types of 
where, L is the length of groins, B is the river width, A is length of arc/chord, and F is froud number.
In general from the studies of repelling groins which cause high water flow velocity at opposite bank prove the optimum angle of groins between 60-80 m in the direction of upstream and the optimum distance between two groins equal to twist groin length [8] .
The mathematical model for groins with 80 m long in river with 107 m 3 /s discharge the water level was raised up to 51 m which is greater than minimum water level 50.8 m. The contracted and uniform section will make the velocity greater than 0.8 m/s to prevent or reduce the sediment at intake structure. The distance between Groins will be filled with sediments (velocity = 0) that will lead to form the final cross section after a few years; Table 7 explains the results of determining the water elevation above the submerged 
